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Measuring a single spin

• Applications:
– Quantum computer qubit readout
– Local surface characterization
– Spintronics 
– Study of Kondo physics

• Challenge
– Signals produced by a single spin are extremely weak

Vrijen et al, Phys. Rev. A, 2000

Solution: Convert single spin into single charge signal



Traps and random 
telegraph signal (RTS)
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Random Telegraph Signal 
(RTS) – experiment
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Single charge sensitivity single spin sensitivity?



ESR-RTS setup

At T = 0, B1 =0:
trap is filled if ε1/2 < µ
trap is empty if ε1/2 > µ

NO RTS!

At T = 0 and resonant B1(t):
trap can be filled if ε-1/2 < µ
e- is promoted ε1/2 -> ε-1/2
e- can escape if       ε1/2 > µ

ESR-induced  RTS!

At finite temperature RTS is modified by resonant B1(t)
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Quantum rate equations for 
ESR-RTS

h.c. – rotating wave approx

equations of motion
for trap density matrix
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Average FET channel resistivity:



Resonance in average 
resistance
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Application of resonant rf B1(t) 
modifies the average channel 
resistivity by changing the RTS 
statistics 1BΓ =

In presence of dephasing 
1/T2’ >> Γ:
peak width:

peak height:

0

Phys. Rev. Lett. 90, 018301 (2003)



ESR-RTS Experiment -
average current (HWJ)

g = 2.02



ESR-RTS Experiment – trap 
occupancy (HWJ)
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Surprise I: Signal changes sign for 
larger microwave power!

• Signal changes sign when Γ ~ ωRabi
• Improved signal-to-noise
• Tunneling rate is reduced on the resonance





Shallow Traps for Quantum 
Computing
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Tunneling “details”



Surprise II: Expected and 
measured tunneling times

Experimentalists can measure the location of the trap (x) 
with respect to the conduction channel. 

One finds x~1-3 A.
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Estimate for tunneling time yields at most τRTS ~10-9 s  

Observed τRTS are in 10-3s  – 1s range   ???



Polaronic Slowdown 

SiO2 is a polar crystal ⇒ strong coupling to optical phonons

Empty Trap Trap with an extra electron

+ e-
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Tunnel rate in the presence of 
lattice deformations

H = 

E0

µ
?

Calculation of Tunnel Rate for V = 0 (Golden Rule)

cond-mat/0312503
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Phonon renormalization
results
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Results and Estimates

Qualitative agreement with observed rates !

Assuming Fröhlich electron-phonon coupling

For SiO2 Å1~,2,40 da== ∞εε

à Ep ≈ 1 eV

For bulk optical phonons in SiO2:

? 0
bulk ≈ 60 meV

? = 1011±3 exp(-17) s-1 ~ 103±3 s-1

For comparison, in GaAs Ep= 4 meV => no tunneling slowdown
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REF: cond-mat/0312503



Surprise III: Magnetic field 
dependence
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No agreement between model and experiment at low T!     Kondo?

Phys. Rev. Lett. 91, 078301 (2003)



Kondo?

Fast (t ~ 1/U) virtual hopping 
à Kondo, J = ∆2/U

Real charge hopping 
à Polaron suppression



Model and calculation

Anderson Hamiltonian (àKondo)

Our Hamiltonian (Polarons + Kondo)

cond-mat/0403491



Summary

• Single electron spin resonance in FET
– DC measurement of the resonance
– AC signatures in the current noise
– Applications to quantum computing: pulses, etc.
– Experimental results on average current and statistics

• Detailed models of tunneling
– Interaction effects
– Polaron slowdown, predictions

• RTS(B)
– Experiment
– Explanation: Kondo effect?


